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Abstract

Purpose Our study was undertaken to evaluate the levels

of asymmetric dimethyl-arginine (ADMA) in a group of

patients affected with polycystic ovary syndrome

(PCOS)—under ethinyl estradiol–cyproterone acetate

treatment or not—as compared with a group of healthy

controls.

Methods Fifty-eight women with PCOS and 45 patients

as control group were included in the study. The 58 women

with PCOS were separated into two groups: Group A

(n = 29) were treated with an oral contraceptive pill con-

taining 0.035 mg of ethinyl estradiol (EE) and 2 mg of

cyproterone acetate (CA) (Diane-35) for 6 months. Group

B (n = 29) did not take any drug. Group C (n = 45) was

healthy women as control group. Serum levels of ADMA,

lipid and glucose metabolism parameters, hormone profile

were measured on the sixth month of treatment.

Results ADMA levels were similar in women with PCOS

and controls, whereas ADMA levels significantly

decreased after a period of 6 months treatment with

EE ? CA in women with PCOS. ADMA levels and insulin

resistance were decreased with treatment. However,

patients with PCOS had significantly higher total choles-

terol and Low-density lipoprotein cholesterol (LDL-C)

compared to controls, treatment with EE ? CA did not

provide any improvement on lipid parameters.

Conclusion Serum ADMA levels and insulin resistance

were lower in PCOS group treated with EE ? CA than

control group.

Keywords Polycystic ovary syndrome � Asymmetrical

dimethyl-arginine � Ethinyl estradiol–cyproterone acetate �
Insulin resistance

Introduction

Polycystic ovary syndrome (PCOS) is the most common

cause of anovulatory infertility, affecting about 7 % of

reproductive aged women, characterized by chronic anov-

ulation and hyperandrogenemia [1, 2]. Although PCOS has

been considered for a long time as only a reproductive

endocrinopathy, actually it is considered as a metabolic

disease associated with long-term health risks including

cardiovascular disease and type 2 diabetes mellitus [3].

Women with PCOS, even at an early age, have a clustering

of cardiovascular risk factors, such as obesity, insulin

resistance, hypertension and low-grade chronic inflamma-

tion [4].

In 1992, asymmetric dimethyl-arginine (ADMA) was

first described as an endogenous inhibitor of the arginine-

nitric oxide (NO) pathway [5]. From then, its role in reg-

ulating NO production has attracted increasing attention.

One of the major endothelium-derived vasoactive
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mediators is NO, an endogenous messenger molecule

formed in healthy vascular endothelium from the amino

acid precursor L-arginine, increases vascular tone, inhibits

adhesion of monocytes and leucocytes to the vascular

endothelium and reduces atherogenic process. Low NO

level is one of the pathogenic factors starting cardiovas-

cular diseases. Increased ADMA levels are associated with

reduced NO synthesis as assessed by impaired endothe-

lium-dependent vasodilatation [6]. Its systemic accumula-

tion was observed in conjunction with atherosclerosis and

several cardiovascular (intima-media thickening, left ven-

tricular hypertrophy), all cause and cardiovascular mor-

tality in patients with end-stage renal disease [7] and

metabolic diseases [8]. ADMA causes insulin resistance by

the inhibition of the neuronal isoform of nitric oxide syn-

thase (NOS), while the simultaneously observed athero-

sclerosis is the consequence of endothelial nitric oxide

synthase (eNOS) inhibition [8].

Diane-35, an oral contraceptive pill containing

0.035 mg of ethinyl estradiol (EE) and 2 mg of cyproter-

one acetate (CA), successfully reduces the hormonal dis-

turbances which characterize PCOS. Diane-35 has been

widely used in PCOS patients [5]. Apart from the nor-

malization of the hormonal profile and the decrease in

ovarian size, beneficial effects of Diane-35 were also

observed on acne, hirsutism and regulation of the menstrual

cycle [9]. Also, decrease in luteinizing hormone (LH)

production and subsequent androgen production through

the inhibitory effect on the hypothalamus and pituitary

gland can be achieved [1].

In the literature, the number of studies about ADMA levels

in women with PCOS are limited and insufficient (?,??).

And this study was performed to investigate in a clinical

setting (a) compare the basal levels of ADMA, between

women with PCOS and healthy controls; (b) determine the

effects of treatment with Diane-35, on the hormonal and

metabolic features of PCOS and on the levels of ADMA.

Methods

Selection of subjects

Fifty-eight voluntary subjects with PCOS aged between 18

and 30 were recruited to the present study. PCOS was

diagnosed by the ESHRE/ASRM Rotterdam criteria (Rot-

terdam European Society for Human Reproduction &

Embryology/American Society for Reproductive Medi-

cine-sponsored PCOS Consensus Workshop Group 2004)

based on two of the three following abnormalities: (1) oligo

and/or anovulation (cycle length irregular,[45 days or\6

periods per year), (2) clinical (hirsutism with a Ferriman-

Gallwey score 7, acne, alopecia) and/or biochemical (high

plasma testosterone concentration at the upper limit of the

range [0.10–1.30 ng/mL]) signs of hyperandrogenism and

(3) polycystic ovaries at ultrasound examination (presence

of at least 1 ovary more than 10 mL and/or with at least 12

follicles of 2- to 9-mm diameter), after the exclusion of

other pathologies with a similar clinical presentation such

as congenital adrenal hyperplasia, Cushing’s syndrome or

androgen-secreting tumors. The control group included 45

healthy voluntary subjects.

Study ethics

The study was approved by the Fatih University School of

Medicine Ethics Committee and was conducted in accor-

dance with the ethical principles described by the Decla-

ration of Helsinki. A written informed consent was

obtained from all participants.

Laboratory tests and blood sampling

Serum samples for the determination of ADMA were taken

after an overnight fast. ADMA measurement was carried out

by a commercial ELISA kit (DLD Diagnostica GMBH, Ger-

many). Results were expressed as lmol/L. The drawn serum

samples were stored at -80 �C until analysis date. Blood

glucose, total cholesterol, high-density lipoprotein cholesterol

(HDL-C), and triglycerides were measured by the standard

laboratory methods on biochemistry autoanalyzer (HITACHI

912; Roche) with company’s original kits. Low-density lipo-

protein cholesterol (LDL-C) was calculated with the Friede-

wald equation. Serum follicle stimulating hormone (FSH), LH,

dehydroepiandrosterone Sulfate (DHEAS) and testosterone

levels were measured by chemiluminescent immunometric

methods (IMMULITE ONE Immunoanalyzer;DPC).

We used the mean of two measurements of systolic and

diastolic blood pressure taken while the subjects were sitting

after a 5-min rest. Blood pressure was measured using a mer-

cury sphygmomanometer. Body mass index (BMI) was cal-

culated as weight in kilograms divided by the square of height

in meters (BMI = kg/m2). Waist circumference, taken mid-

way between the lowest rib and the iliac crest, and hip cir-

cumference at the level of the greater trochanters were

measured to the nearest millimeter using a flexible tape. Insulin

resistance was determined using Homeostasis Model Assess-

ment (HOMA IR) by the following formula. HOMA

IR = fasting insulin (mIU/mL) 9 fasting glucose (mmol/L)/

22.5

Study design

Our prospective study was carried out at the Fatih Uni-

versity Medical School, Ankara, Turkey, between January

and July 2006. We enrolled 103 consecutive outpatients.
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Fifty-eight patients with the diagnosis of PCOS and 45 age-

matched healthy subjects as the control group were inclu-

ded to the study. Fifty-eight women with PCOS were

separated into two groups: Group A (n:29) were treated

with Diane-35 for 6 months. Diane-35 was prescribed as

one tablet from day 1 of the cycle for 21 days. Group B

(n:29) did not take any drug. Serum levels of ADMA, lipid

and glucose metabolism parameters and hormone profile

were measured on the sixth month of treatment.

Statistical analysis

Student’s paired and unpaired t tests were used to analyze

differences between the groups. Correlations were calcu-

lated using the Pearson correlation. Data are presented as

mean ± SD unless otherwise stated. A p value of \0.05

was considered statistically significant. Analyses were

performed using the SPSS statistical package window 11.5.

Results

The clinical and biochemical characteristics of study par-

ticipants are shown in Table 1. Group A and B were

consisting of 29 patients, median age 25.64 ± 5.4 and

26.16 ± 6.3 years, respectively, whereas the control group

including 45 patients, median age 26.63 ± 4.4 years. PCOS

patients who used Diane-35 had significantly (p \ 0.04)

higher insulin levels compared to the control group

(7.68 ± 3.05 mU/L and 6.52 ± 1.5 mU/L). On the other

hand fasting plasma glucose levels of PCOS patients without

treatment were significantly (p \ 0.04) higher than in con-

trols (87.65 ± 12.1 mg/dL and 82.82 ± 7.1 mg/dL).

Although cholesterol and triglyceride levels were normal in

all groups, total cholesterol and LDL-C levels were higher in

PCOS subgroups than control group (Table 1). All PCOS

patients had significantly higher LH and serum testosterone

levels than in controls; nevertheless, FSH and DHEAS levels

were similar in all groups (Table 1). ADMA concentrations

of PCOS women were significantly lower (p \ 0.02) after

treatment with Diane-35 (0.47 ± 0.07 mmol/L) compared

with those who did not use Diane-35 and controls

(0.54 ± 0.09 mmol/L and 0.54 ± 0.1 mmol/L, respec-

tively) (Fig. 1). BMI was found significantly higher in

patients who did not use Diane-35 compared to controls

(28.1 ± 5.4 kg/m2 and 23.91 ± 2.2 kg/m2, respectively).

No correlation between these variables and plasma ADMA

levels could be observed. Serum HOMA IR was significantly

Table 1 The clinical and biochemical characteristics of study participants

Variable Group A Group B Group C

n 29 29 45

Age (year) 25.64 ± 5.4 26.16 ± 6.3 26.63 ± 4.4

SBP (mmHg) 103.6 ± 7.4 101.03 ± 8.5** 102.22 ± 8.05

DBP (mmHg) 68.27 ± 6.01 65.86 ± 6.2 66.88 ± 6.9

Waist circumference (cm) 82.16 ± 3.3 79.66 ± 3.5 82.15 ± 3.6

Insulin (mU/L) 7.68 ± 3.05* 8.24 ± 6.01 6.52 ± 1.5

Fasting plasma glucose (mg/dL) 8 3.96 ± 8.9 87.65 ± 12.1** 82.82 ± 7.1

Triglyceride (mg/dL) 96.5 ± 32.4 111.53 ± 60.5 96.79 ± 18.1

Total cholesterol (mg/dL) 146.21 ± 35.1* 148.14 ± 29.8** 126.71 ± 19.9

HDL-C (mg/dL) 56.81 ± 9.9 55.37 ± 15.2 52.92 ± 8.5

LDL-C (mg/dL) 79.3 ± 25.2* 75.11 ± 22.7** 65.61 ± 16.0

FSH (mIU/mL) 10.98 ± 3.08 8.02 ± 2.07 6.10 ± 1.7

LH (mIU/mL) 13.35 ± 2.2* 8.7 ± 1.05** 5.56 ± 2.6

Total testosterone (ng/dL) 39.59 ± 4.4* 43.39 ± 4.7** 29.72 ± 5.9

DHEAS (lg/dL) 168.59 ± 14.6 192.03 ± 18.5 157.51 ± 11.4

Weight (kg) 65.33 ± 10.5* 68.25 ± 11.8** 59.51 ± 5.5

Length (cm) 1.6 ± 0.04 1.63 ± 0.05** 1.6 ± 0.03

BMI (kg/m2) 25.01 ± 3.2 28.1 ± 5.4** 23.91 ± 2.2

HOMA IR 1.6 ± 0.6* 1.84 ± 0.3** 1.34 ± 0.3

ADMA (lmol/L) 0.47 ± 0.07*,# 0.54 ± 0.09 0.54 ± 0.1

BMI body mass index, SBP systolic blood pressure, DBP, diastolic blood pressure, HDL-C high-density lipoprotein cholesterol, LDL-C low-

density lipoprotein cholesterol, FSH follicle stimulating hormone, LH luteinizing hormone, DHEAS dehydroepiandrosterone sulfate, ADMA

asymmetric dimethylarginine, HOMA IR homeostasis model assessment, PCOS polycystic ovary syndrome

* p \ 0.05 for PCOS women using Diane-35 compared to the control; ** p \ 0.05 for PCOS women with no treatment compared to the control;
# p \ 0.05 for PCOS women using Diane-35 compared to PCOS women with no treatment
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higher in group A compared to group C (Table 1). A

boundary significance was found between group B compared

to group C (p = 0.053). A significant (p \ 0.001) direct

correlation between HOMA IR and weight, BMI was

observed (Table 2).

Discussion

In the present study, ADMA levels of women with PCOS

were similar to healthy controls. Interestingly, ADMA

levels were significantly decreased, after the administration

of Diane-35 in the PCOS group. The results of the present

study are in agreement with previous reports, regarding an

inhibitory effect of estrogenic compounds on ADMA

production [10].

In a recent study, it has been shown that circulating con-

centrations of ADMA were significantly higher in women

with PCOS [11]. In accordance with our study, ADMA levels

were significantly decreased, after the administration of

natural or synthetic estrogens, combined with anti-andro-

gens [11]. In contrast, our study demonstrated that ADMA

levels of women with untreated PCOS were similar to

healthy controls. Also Demirel et al. [10] reported that

ADMA levels in adolescent PCOS subjects were not dif-

ferent than those in controls. Endothelial dysfunction plays

an important role in the pathogenesis of some important

conditions including hypertension, dyslipidemia, hyperco-

agulability, impaired glucose tolerance and frank diabetes

mellitus type 2 [12–15]. Although the pathways by which

ADMA is synthesized and metabolized have yet to be elu-

cidated, ADMA has been associated with endothelial dys-

function. ADMA decreases endothelial NOS activity and

increases endothelial oxidative stress and monocyte adhe-

siveness [16], processes that are involved in the development

and progression of coronary atherosclerosis and its equiva-

lent in other vascular beds [17]. Therefore, the association of

ADMA with an increased risk of cardiovascular disease and

acute coronary events is not surprising. Estrogens stimulate

the production of both eNOS and inducible (iNOS), and

upregulate the activity of the dimethyl-arginine dimethyl-

amino-hydrolase (DDAH) [18]. Via these mechanisms, NO

levels are increased while ADMA levels are decreased. In the

present study, we found that subjects treated with Diane-35

therapy have low ADMA levels, taken together this may lead

to lower cardiovascular events in PCOS women.

An intriguing relationship exists between insulin resis-

tance and ADMA levels. A number of investigations have

found an evidence that insulin resistance or compensatory

hyperinsulinemia may be an efficient marker of atheroscle-

rosis, although the causal role remains unknown. Stühlinger

et al. [19] demonstrated a significant relationship between

insulin resistance and plasma ADMA concentrations.

Miyazaki et al. [20] described that lipid or hyperglycemia

induced dysregulation of DDAH, an enzyme that degrades

ADMA, was the main cause for elevated ADMA levels in

patients with dyslipidemia or diabetes mellitus. One of the

explanations for the link between insulin resistance and

endothelial dysfunction is increased plasma ADMA con-

centration [19]. Elevated serum ADMA levels by reduced

degradation have been suggested to play a significant role in

endothelial dysfunction, accounting for the higher preva-

lence of cardiovascular events in patients with insulin

resistance. On the other hand, Sydow et al. [21] have dem-

onstrated that plasma levels of ADMA were positively

Fig. 1 Asymmetric dimethyl-arginine (ADMA) (lmol/L) levels in

untreated women with PCOS, treated with EE ? AC and controls

Table 2 Bivariate correlation between HOMA IR and other variables

in PCOS patients

r P

ADMA -0.136 0.170

Age -0.123 0.233

SBP -0.007 0.940

DBP -0.037 0.709

Waist circumference -0.222 0.320

Triglyceride 0.057 0.582

Total cholesterol 0.028 0.784

HDL-C -0.082 0.428

LDL-C 0.129 0.213

FSH -0.047 0.647

LH 0.089 0.394

Total testosterone 0.055 0.596

DHEAS -0.129 0.214

Weight 0.474 \0.001

Length 0.081 0.448

BMI 0.544 \0.001

ADMA asymmetric dimethylarginine, BMI body mass index, SBP

systolic blood pressure, DBP diastolic blood pressure, HDL-C high-

density lipoprotein cholesterol, LDL-C low-density lipoprotein cho-

lesterol, FSH follicle stimulating hormone, LH luteinizing hormone,

DHEAS dehydroepiandrosterone sulfate, HOMA IR homeostasis

model assessment
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correlated with insulin resistance in nondiabetic, normotensive

people. In this study, our findings is consistent with the study of

Sydow et al. In our study, neither the patients nor the controls

had diabetes mellitus or hypertension, however, patients with

PCOS who used Diane-35 had significantly higher insulin

levels compared to control group. The subjects given Diane-35

have lower but not significant insulin and HOMA levels

compared to untreated PCOS subjects. This can be explained

by compensatory hyperinsulinemia. ADMA concentrations

were not correlated with plasma insulin and fasting plasma

glucose levels in the present study. However, our findings are

in contrast with the literature. Because, it is well-known that

oral contraceptives are associated with increased insulin

resistance [22, 23]. Women with PCOS, particularly if they are

obese, may present with a more atherogenic lipoprotein pattern

profile, which is the characteristic of metabolic syndrome and

is strongly associated with the presence of insulin resistance

[24]. In our study, both groups of PCOS patients had signifi-

cantly higher total cholesterol and LDL-C than in controls.

Triglyceride and HDL-C levels were similar in both groups of

PCOS patients and controls. We did not find a relationship

between parameters of cholesterol profile and ADMA. Several

studies demonstrated that ADMA is not associated with

markers of the metabolic syndrome, like LDL-C and hyper-

tension [20, 25–27]. In contrast, other findings suggested a

correlation of ADMA with LDL-C [28]. This discrepancy may

be due to different study designs.

There are several limitations to the present study. First,

we did not perform a clinical measurement of endothelial

function. Second, even though HOMA IR is a simple and

useful technique to determine insulin sensitivity in women

with PCOS, it can not be applied to the thin women group

(BMI \ 27) [29]. But our study included lower BMI for

treated patients with PCOS and healthy controls

(25.01 ± 3.2 and 23.91 ± 2.2).

In conclusion, our study demonstrated significantly

lower serum ADMA levels and insulin resistance in PCOS

women treated with EE ? CA compared to control

women. Further investigations will be needed to clarify the

effects of PCOS and its treatment with oral contraceptive

pills on ADMA levels.
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